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SOIL ANALYSIS ASSEMBLY AND SYSTEM FIG. 8d is an illustrative graph of a reference spectra for 

a soil sample containing 100% potassium. 

BACKGROUND OF THE INVENTION FIG. Se is an illustrative graph of a spectra for phosphorus 

The present invention relates to a soil analyzer. In sensed b ? a spectrograph of a soil sample, 

particular, the present invention relates to a soil analyzer for S FIG. 8/ is an illustrative graph of a reference spectra for 

analyzing soil characteristics. a soil sample containing 100% phosphorus. 

Soil analysis techniques are utilized to determine certain FIG - 9 is an operational diagram of operation of the 
soil characteristics for agricultural application. The soil of a thermal infrared reflectance testing assembly, 
field may be analyzed for purposes of selecting crop as well 1Q FIG. 10 is an operational diagram of operation of a 
as analyzing application rates for fertilizer and other chemi- monochrome reflectance testing assembly, 
cals Systems have developed for providing variable rate DETAILED DESCRIPTION OF THE 
application of feruhzer and other products to a field Dif- PREFERRED EMBODIMENTS 
ferent soil characteristics may affect the analysis for deter- 
mining the proper quantity of a particular product to be 15 The present invention relates to a soil analysis system 8 
applied to a field. It is desirable to provide a soil analysis for ascertaining soil characteristics which affect plant or 
system which provides the necessary data for effectively vegetation growth. Inj^artic^ar, ±^oil f a of 
analyzing the quantity of product to be applied to a field. It the present systeni js^designed^for^on-Jhe.go^colleptiqn^of 
is also desirable to have a soil analysis system which can be soir^^^terKtic _infOTma^ As shown in 
used to provide soil characteristic information by location in 20 relati on to FIG. lTthTsoil . anal ysis.system^ includes a soil 
a field. Accordingly, different areas of a field may have contactin g testin gjdevjce 10 which may be coupled to a 
different soil characteristic conditions, and it is desirable to vehiclFT2 for use. Th£ ^ehicle M 12 sh own may be a dispens- 
provide a soil analysis system which creates a database of ing ve hicle or a ^testing-vehicle^and includes a frame 14, 
soil characteristics for different areas of a field. wheelsJLfLand-cab 18. Igj he- veh icle is jisgd for dispensing 

^ materials, the vehicle may include dispensing hoppers 20 

SUMMARY OF THE INVENTION and a dispensing apparatus 22 for dispensing material from 

~. . . I** -i i • 4 the hoppers 20. A dispensing controller (not shown) controls 

The present invention relates to sou analysis system rr . 4 / * ^ j« • 

• • t_ * i j • , r*+- ur c a / - the dispensing rate of material from the dispensing apparatus 

which includes a vanety of testing assemblies for determin- . V 6 . . . 1P . t n 6 

... . • * • a i , . • i 22 for dispensing material from hoppers 20. 

ing soil characteristics. As previously discussed, various soil . , 

characteristics affect the application of various products to a 30 l *f ^ be described in one embodiment of the invention, 

field. The present invention is designed to provide data the dispensing controller may be coupled to the soil analysis 

regarding various soil characteristics so that each soil char- s y stem 8 t0 control r the dls P ensin S rate of material based 

acteristic may be analyzed for the purpose of determining u P on ^ out P u ^ of the sml anal y sis s y stem *■ It should be 

application of product. Preferably, the soil analysis system recognized, however, that it is not necessary that the soil 

includes a^soiLcjintacto^^ 35 analysis system 8 be used in combination with a vehicle 

natiolTwi mlnMelting assemblies,.a.data.coUection system, designed for dispensing matenal via a dispensing apparatus 

and a positionin^stem^such^as^a^global positioning 22 » but may be used with a testing vehicle for collecting soil 

system whic h incorporates.t he.use.of.satellites.fQr determin- characteristic data from a field for analysis, 

ing geographic position. This data collection system is Preferably, the soil contacting testing device 10 includes 

coupled4o-tjign estin g asse mbhes^anShTpositionings vstem *o a formed soil insertion probe. The probe 10 is moveably 

to record soil characteristic, data, measured^through the soil supported relative to the frame 14 to move up and down as 

contacting device and.the,related geographic position of the indicated by arrow 24 for insertion into the soil or ground 26 

soil sample which was measured. between an operational position and a non-operational posi- 

tion as will be described. The probe 10 of the present, 

BRIEF DESCRIPTION OF THE DRAWINGS 45 invenUo^s.a^ultUto to 

n^i- 1 a- 1- ar a- suppor.Ua.p luralitv_ of soil characte ristic tests for analysis of 

FIG. 1 is an e levational view of a vehicle incorporating a a ^ cuJ £^ 

soil analysis system of the present invention. the mul^ninction probe 10 of the present invention supports 

FIG. 2 is a block diagram illustrating operation of the a plurattylrfl^oj^ an accurate 

probe of the present invention. 5Q analyst 0 f me^characterisUcs.oLa-region of interest. 

FIG. 3 is a cross-sectional view of the probe schematically FIG. 2 is a^dbematic view illustrating components of a 

illustrating operation of the testing assemblies of the probe. preferred embodiment of the soil analysis system 8 incor- 

FIG. 4 is a cross- sectional view of the probe taken along porating probe 10 of the present invention. -As shown, the 

line 4 — 4 of FIG. 3. probe 10 is coupled to a hydraulic system 28 for raising and 

FIG. 5 is an operational diagram of operation of the 55 lowering the probe into the ground for operation. Preferably, 

chromatography testing assembly. tne P robe 10 and hydraulic system 28 are designed so that 

FIG. 6 is an operational diagram of operation of the the probe 10 may be driven to an ope raUonal position below 

electrophoresis testing assembly thc so " surfacc for lcsUn S- Ade Pth of 24 inches for the probe 

t-t» f~* - . . • 1 j* c c 10 tip is envisioned. Preferably, the probe 10 and hydraulic 

FIG. 7 is an operational diagram of operation of a <n illl , ( V - B ^ A . , ^ /.I V 1rt , \ . , 

reflectance testin asse bl system 28 are designed so that the probe 10 may be retracted 

« • 1 ^ aSSCm y ' . , . from the operational position to a non-operational position 

FIG 8a is an illustrative graph of a spectra for nitrogen above thc ^ SUfface 0peration of the probe 10 and 

sensed by a spectrograph of a soil sample. hydraulic system 28 is accomplished by a central controller 

FIG. 86 is an illustrative graph of a reference spectra for 30. As shown in FIG. 2, the system 8 also includes a 

a soil sample containing 100% nitrogen. 6S positioning system 32 and a data collection system 34. The 

FIG. 8c is an illustrative graph of a spectra for potassium positioning system 32 may be a system which is capable of 

sensed by a spectrograph of a soil sample. correlating vehicle 12 position (i.e. probe position) relative 
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to field location. Preferably, the positioning system 32 
incorporates a global positioning system (GPS) which deter- 
mines geographic position based upon a system of satellites. 
- THe data collection system 34 stores data collected from 
the testing assemblies for possible subsequent analysis and 
evaluation. The collected data is referenced relative to the 
field location at which the data is collected. Preferably, the 
collected data is georeferenced and is stored relative to the 
geographic latitude and longitude coordinates for the field 
position at which the data is collected. The controller 30 
initiates operation of the hydraulic system 28 for operating 
the probe 10 at selected locations based upon a predeter- 
mined pattern. The positioning system 32 provides position 
data to the controller 30 for positioning the probe 10 for 
operation at the selected locations. Data collected from the 
probe 10 is then stored by the data collection system 34 
relative to field location based upon information from the 
positioning system 32. 

FIG. 3 is a cross sectional view of probe 10 illustrating 



10 



15 



components of the probe 10 in schematic form. The probe 10 20 chromatography analysis. 



sary that each of the testing assemblies described be 
employed and the invention should only be limited by the 
claims appended hereto. 

Pr eferabl y, the holes 40a~<: of the probe 10 are used to 
extract physicaP^fsamples for analysis and the windows 
42«-care used to collect reflectanc^^ta.fmm^s o;fl^mple . 
In part^ct^.physicaLsarnples are extracted for chromatog- 
raphy and^leajs^ih^ As shown in FIGS. 3 and 
4, holes 40a-b are used for chromatography testing and 
holes 40c are used for electrophoresis testing. A chromatog- 
raphy testing assembly includes a gas source 60 and a 
chromatography analyzer assembly 62 shown schematically. 
Preferably, the gas source 60 and chromatography analyzer 
assembly 62 are supported by the vehicle 12. The gas source 
60 is coupled to holes 406 of probe 10, through a conduit 64 
shown schematically. The conduit 64 extends through the 
inner conduit 54 of the rod 44 into probe 10 to connect the 
plurality of spaced holes 40b extending about the circum- 
ference of the probe 10 for introducing a gas solution for 




of the present invention is capable of supporting a multitude 
of tests for evaluation of the productivity potential of various 
field locations. The probe 10 is essentially a cylindrically 
shaped member 36 having a conical tip 38 to facilitate 
insertion of the probe 10 into the ground 26. As shown in 
FIG. 3, the probe 10 includes a plurality of holes 40a-c 9 
which extend about an outer circumference of the probe as 
will be described further herein and a plurality of windows 
42a-c extending about an outer perimeter of the probe 10. 
These form the components of the multiple testing assem- 
blies of the probe 10 of the present invention. 

As shown in FIG. 3, the probe 10 is moveably supported 
for insertion into the ground via a rod 44 fixedly coupled to 
an upper end of the probe 10 and moveably coupled relative 
to a base 7 by the hydraulic system 28 to move as illustrated 
by arrow 24. The cylindrically shaped member 36 and 
conical tip 38 of the probe 10 are constructed of an outer 
housing 50 having a hollow interior defining an inner 
compartment 52. The rod 44 connecting the probe 10 
relative to a vehicle or other support is a hollow elongated 
member defining an inner conduit 54. 

In a preferred embodiment, the probe 10 supports various 
testing assemblies including reflectance testing assemblies, 



25 



30 



35 



Similarly, holes 40a include a plurality of spaced holes 
which are spaced upwardly of holes 40b and are coupled to 
a conduit 66 shown schematically. The conduit 66 is coupled 
to holes 40b and extends through inner conduit 54 of rod 44. 
The conduit 66 is coupled to the chromatography gas 
analyzer 62. Thus, gas flows from the gas source 60 through 
holes 40b for introducing a buffer gas into the soil sample. 
A sample of the gaseous soil is extracted through holes 40a 
for analysis by the gas analyzer 62 via pump 68 for analyz- 
ing a soil sample as will be described. 

The electrophoresis testing assembly includes a capillary 
tube electrophoresis analyzer 70, a pump 71 and conduit 72. 
Preferably, the electrophoresis analyzer 70 and pump 71 are 
supported by vehicle 12. Conduit 72 is coupled between 
holes 40c and the electrophoresis analyzer 70 for extracting 
soil samples for analysis through holes 40c. Soil samples are 
extracted through conduit 72 which extends through rod 44 
and probe 10 via pump 71. 

As shown in FIG. 3, the probe 10 supports three separate 
reflectance testing assemblies 74, 76 and 78. The reflectanc e 
testing assembly 74 may be used to determine moisture an d 
nutr ient content and includes^ onli cal cables 80 and 82 r an 
infrared light source 84, a spectroscope unit 86. Optical 



an electrophoresis testing assembly, and a chromatography 45 cable 80 is coupled between the infrared light source 84 and 

testing assembly. The chromatology testing, reflectance test- window 42<z to provide infrared light to a soil sample, 

ing and electrophoresis testing are used to isolate elements Optical cable 82 is coupled between window 42c and the 

or minerals found in the soil and to analyze various soil spectroscope unit 86. The reflected light from the soil 

characteristics. sample is detected by the spectroscope unit 86 via optical 

Various reflectance testing assemblies may be used for the 50 cable 82. The^ie fleclgnc e.at^ar^ is analyzed 

purpose of analyzing mojsJujsLcxintent, o rganic matter co n- for* me^purpqse^of analysing different attTiblTtes-of thTsoil^ 

tent as well as mineral composition o f a soil sample. It is sample. IMereAaUri^^ 

generall y known that reflectance ch aracteristics of the soil v * a * pro cessing assembly 90 to determine the content of 

relate . to soil textureTcnoistur^ nitrogen" potassiu^ elements as will 

iron oxide content and organic matter content. Additionally, 55 be described'herein. The soil characteristic data such as the 
ceflai n_nulrientsliave _unique reflectance chTracteristicT'and ^ 
produce a unique spectral image which a llo ws the conten t of 
these nutrient s to be analy zed tor a particula r soil samp le. It 
is desirlbTeTo use a combination oftests~f6T comparison for 



contenUof ~nitrogen,^etc..Js^stored.. in. the^ata^c^flection 
system 34_based^upon^the^geographi c location _o f the Jsoil 
sample as determined Jxy-the-global- positioning system 32. 
TheTe fleeting testing assembly 76 is similar to assembly 



evaluating the influence of the various factors affec ting 60 74 except that the testing assembly 76 measures infrared 



reflectance for the purpose of isolating soil characteristics 
relating to moisture content, organic matter~content and 
nutrierirc^te^tTTfte results of the combination of testing 
assemblies may be used to provide a more accurate deter- 
mination o X^soil"characlefist ics. Although it is preferred to 
use multiple testing assemblies for determining soil 
characteristics, it should be understood that it is not neccs- 



65 



thermal reflectivity. The testing assembly 76 is used in 
combination with data from reflectance assembly 74 to 
provide accurate measurements of moisture content and 
nutrient content. The reflectance testing assembly 76 
includes a thermal heat source 92, a thermal cable 94, an 
optical cable 96 and a spectroscope unit 98. The thermal heat 
source 92 is used to heat a boundary layer of a soil sample 
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via the thermal cable 94. The cable is coupled between the 
thermal heat source 92 and window 42b of the probe 10. 
Optical cable 96 is coupled between the window 42b and 
spectroscope unit 98 to measure the spectral reflectance of 
the excited soil sample. The spectralre flectance is similar ly 
se parated to analyze the reTlectance at various wavelengths . 
Diff erent attnbuteS-Qi-the^ soirsam ple-are-analyzed.via the 
process ing assembl y 90. The thermal energy source 92 may 
be gas, a heated paten, or a UV or incandescent lamp. 

The reflectance testing assembly 78 is used to isolate 
organic matter content as taught by U.S. Pat. No. 5,044,756. 
The assembly 78 includes a monochrome light source 100, 
a reflection meter 102 for measuring the reflectance from the 
soil and optical cables 106 and 108 for transmitting the 
monochrome light source to the soil sample and for trans- 
mitting reflected light to the reflection meter 102. Optical 
cable 106 is coupled between the light source 100 and 
window 42c to illuminate a soil sample. Optical cable 108 
is coupled between window 42c and reflection meter 102 to 
measure light reflected by the illuminated soil sample. 
Preferably, the monochrome light source 100 is red or 
yellow light. It has been found that the reflectance of red or 
yellow light is more accurately related to organic matter 
content since factors such as iron oxides can be reduced. 
Data from the assembly 78 is combined by the processing 
assembly 90 with other spectral reflectance data to eliminate 
certain variables affecting the reflectance measurement so 
that the reflectance affecting organic matter content can be 
evaluated to determine soil organic matter content. 

Windows 42a-c are preferably formed of a Plexiglas 
material to separate the inner compartment 52 of the probe 
10 from the soil and allow light to pass through the windows 
42a-c to analyze reflectance while protecting the compo- 
nents of the probe. Operation of testing assemblies of the 
probe 10 is controlled via controller 30. Data from the 
testing assemblies is stored via location by the data collec- 
tion system 34. Data is stored via location in cooperation 
with the GPS positioning system 32. Although embodiments 
of the reflectance testing assemblies have been described 
having operational components such as illumination sources 
and measuring devices supported on a vehicle, it is not 
intended that the invention be limited to such a configura- 
tion. 

FIG. 5 is a block diagram illustrating operation of the gas 
chromatography testing assembly. Operation of the chroma- 
tography testing assembly is controlled by initiation from 
the controller 30 as illustrated block 110. The controller 30 
operates the hydraulic system 28 to insert the probe 10 into 
the ground as illustrated in block 112. As illustrated by block 
114 after the probe 10 is positioned, a carrier gas from gas 
source 60 is pumped into the soil through conduit 64 coupled 
to hole 40£>. The carrier gas may be any gas which will not 
interfere with detection of elements of the sample, such as 
helium, hydrogen or argon. A vacuum source 72 is used to 
extract the carrier gas from the soil via holes 40a and conduit 
66 for analysis as illustrated by block 116. When the carrier 
gas is extracted it will contain components which will be 
detected from the gas chromatography analyzer 62. The gas 
chromatography analyzer 62 is an "on-line" column for 
separating different components of the soil sample via 
absorption rates. A detector is coupled to the column to 
measure components of the separated soil sample. The 
sample extracted is continuously passed through the "on- 
line" column where different components of the sample are 
separated and detected by a detector as illustrated by blocks 
118-120. The data from the detector is converted into 
quantitative composition data 122. This data is stored via 
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operation of the controller 30 and the positioning system 32 
by the data collection system 34 as illustrated by block 124. 

FIG. 6 is a block diagram illustrating operation of the 
electrophoresis testing assembly. Similar to operation 

S described for the gas chromatography testing assembly, 
operation is initiated by controller 30 as illustrated by blocks 
126-128. A soil sample is extract via the probe 10 as 
illustrated by block 130. The soil sample is extracted 
through holes 40c and conduit 72 via a vacuum source 71. 

1Q The sample is put into a capillary tube (not shown) and a ph 
buffer solution is injected into the soil sample as illustrated 
by block 132. An electric field is applied to the sample in the 
thin capillary tube to separate the particles of interest as 
illustrated by block 136. Since different particles or elements 

1S have different electric charge potential and the particles or 
elements migrate at different rates towards a charge potential 
the elements separate for detection when an electric field is 
applied. 

A detector is used to measure the amount of various 

20 particles or elements present at different charge potentials as 
illustrated by block 138. The detector may employ a device 
which detects the absorption/reflectance of light at different 
wavelengths at various locations along the capillary tube to 
isolate the amounts of various particles or elements. Results 

25 of the detector are used to establish quantitative measure- 
ments of various constituent components of the soil sample 
as illustrated at block 140. This testing assembly may be 
used to detect levels of nitrogen or other elements in the 
field. The results of the detection process are analyzed and 

30 recorded based upon geographic location and stored in the 
data collection system 34 as illustrated by block 142. 

The capillary tube used must be cleaned after each test 
cycle so that the residue of the previous test does not 
interfere with the next test. After each testing cycle, the test 

35 capillary tube is flushed with a cleaning solution to prepare 
the capillary tube for reuse. If test samples are taken and 
need to be analyzed fairly rapidly, such as "on-board" a 
testing vehicle which is moving through a field, then a 
plurality of testing tubes are employed so that sequential test 

40 samples may be taken and analyzed for various field loca- 
tions without waiting for the prior test to be completed. A 
controller (not shown) is employed to assign sequential test 
tube stations for rapid collection of data as a testing vehicle 
moves through a field. After a test tube is cleaned and 

45 prepared for reuse, a signal is sent back to the machine 
controller to indicate that the test tube stations are ready for 
use. The number of test tube stations depends upon the time 
interval at which the samples are to be taken at various field 
locations. 

50 FIG. 7 is a block diagram illustrating operation of the 
reflectance testing assembly 74 which may be used to 
distinguish elements, such as nitrogen, potassium, phospho- 
rous and zinc. After the probe 10 is initiated by the controller 
30, as illustrated by blocks 148-150. The depth of the 

55 inserted probe 10 is recorded as illustrated at block 151. A 
soil sample is radiated with light from an infrared light 
source 84 as illustrated by block 152. The reflectance of the 
soil sample for various frequencies is detected via a spec- 
trograph and analyzed as illustrated by blocks 154 and 156, 

60 Different elements of interest are excited at different fre- 
quencies. For example, potassium will optimally fluoresce 
when excited by a 766 nm wavelength, nitrogen at 1246.9 
nm, phosphorous at 956.3 nm and zinc at 636.2 nm. The 
various wavelengths at which each of the elements radiates 

65 or peaks is unique and the intensities of the peaks are 
dependent upon the illumination source. Due to quantum 
mechanics, each element will produce a unique spectral 
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image for a given illumination source, allowing the spectral 
images to be distinguished as shown in FIGS. 8a-8f. 

Spectral data for each of the elements tested is stored for 
comparison with the measured reflectance by the processing 
assembly 90. The spectral data includes the spectral image 
for 100% of the interested elements, such as nitrogen, 
potassium, phosphorous and zinc as shown in FIGS. 8b, 8d 
and 8/. These images are compared with the tested images as 
shown in FIGS. 8a, 8c and 8e for determining the percentage 
of nitrogen, potassium, phosphorous or zinc in the test 
sample as described in U.S. Pat. No. 5,355,815 incorporated 
herein by reference to determine the percentage composition 
of each of the elements of interest in the soil sample as 
illustrated by block 158. The system also analyzes the 
quantity of infrared reflection for analyzing moisture content 
based upon stored comparison data. The system also records 
the depth of the probe 10 at block 151 since soil depth may 
affect moisture content. The system includes known data for 
correlating reflectance at selected infrared frequencies to 
analyze soil moisture content. The measured reflectance is 
converted into soil moisture content data in a known manner. 
After, the percentage of each of the interested elements is 
determined the data is stored by location in the data collec- 
tion system 34 as illustrated by block 160. The soil moisture 
content data (including moisture content and soil depth) is 
stored by location by the collection system 34. 

FIG. 9 is a block diagram illustrating operation of the 
thermal infrared reflectance assembly 76 for analyzing the 
presence of certain chemicals or elements in a soil sample, 
such as potassium, nitrogen and phosphorus. This assembly 
76 is similar to the infrared reflectance testing assembly, 
except that a thin layer of the soil is heated and reflectance 
of the heated soil is measured. The testing assembly 76 uses 
a heat source 92 such as a heating coil which heats a 
boundary layer of a soil sample adjacent to the window 42b. 
The window 42b is formed of a material with sufficient heat 
conductivity. Operation of the thermal infrared reflectance 
assembly 76 is initiated via controller 30 which inserts the 
probe 10 into the ground 26 as illustrated by blocks 162 and 
164. 

The soil is heated to excite a boundary layer portion of the 
soil for analysis as illustrated by block 166. The emission 
from the heated boundary layer of the soil is detected and 
measured at selected frequencies as illustrated by block 168. 
The emission at various wavelengths is analyzed and com- 
pared with known emission data of various elements to 
determine the composition of the soil as illustrated by blocks 
170 and 172 in a known manner. Data relating to the 
composition of the soil is stored by location by the data 
collection system 34 as illustrated by block 174. The 
elevated temperature may range from 4 degrees Celsius or 
150 degrees Celsius above ambient as illustrated in U.S. Pat. 
No. 5,461,229. 

FIG. 10 is a block diagram illustrating operation of the 
monochrome reflectance testing assembly 78 for use in 
measuring organic matter content. The magnitude of 55 
reflected light from a monochromatic light source is gener- 
ally related to texture, moisture content, surface roughness, 
iron oxide content and organic matter content. Thus, to the 
extent other variable can be eliminated, the relative organic 
matter content of the soil at different locations can be 
analyzed. Iron oxides typically absorb light in the visible and 
infrared wavelengths, except for some areas in the yellow 
and red regions, thus, the monochromatic light source is 
preferably, a red light source to eliminate the influence of 
iron oxides. 

As shown in FIG. 10, operation of the reflectance testing 
assembly 78 is initiated by the controller 30 and the probe 
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10 is inserted into the ground 26 as illustrated by blocks 180 
and 182. As illustrated by block 184, a monochromatic light 
(preferably red) source is supplied to a soil sample. The 
magnitude of reflected light is measured as illustrated by 
block 186. The reflected light is analyzed based upon known 
equations and data of the system as illustrated by block 188 
in a known manner as generally described in U.S. Pat. No. 
5,044,756 as incorporated herein by reference to determine 
organic matter content as illustrated by block 190. As 
previously explained the magnitude of reflectance from the 
red light source is related to moisture content, texture and 
organic matter content. 

Additional data, including data from other testing assem- 
blies can be used to correlate data to determine organic 
matter content. For example, the relative particle size (or soil 
texture) may be measured or inputted to the system prior to 
operation. De pendin ^upon^the-par^jcle^size^of^e^soil, 
different eq uations are_u sed-to~analyze.organi c, matter con- 
tent^tPJB-4be-H : e^e^«5ee-data. A dditionally, soil moistu re 
d ata may be used to_ f act or, in^n^ isture^^temjforlrle 
refl ectanc e dataJoJsjDlate^m^ content 
onJKpTf^fle^itanceIdaJ[a|o isolate the organic matter content. 
Thus, a relative organic matte rlrcmleiaL^ 
the sorisarnpie which.mav3.e^usedJor^de,tenn^ning proper 
field treatments for maximum yield or performance. The 
relative organic matter content is stored by location by the 
data collection system 34 to build a database of field 
characteristics for various field locations for use in treating 
a field as illustrated by block 192. 

While the present invention has been described above in 
connection with particular embodiments and examples, one 
skilled in the art will appreciate that the invention is not 
necessarily so limited. It will thus be understood that numer- 
ous other embodiments, examples, uses, modifications of 
and departures from the teachings disclosed may be made 
without departing from the scope and spirit of the present 
invention, and the scope of the present invention shall be 
limited with respect to the claims appended hereto. 
What is claimed is: 
1. A soil analysis system comprising: 
a soil testing device adapted for intermittent contact with 
the soil and including a plurality of functionally dif- 
ferent testing assemblies including: (1) one or more 
reflectance testing assemblies adapted for determina- 
tion of moisture content, nutrient content, and organic 
matter content in a soil sample; (2) an electrophoresis 
testing assembly adapted for determination of the 
amount of particles or elements in a soil sample; and (3) 
a chromatography testing assembly adapted for detec- 
tion of elements in a soil sample, the soil testing device 
adapted to be disposed in the soil at one or more 
geographic locations in a soil region and perform at 
least one test on the soil and provide associated soil 
characteristics relating to the soil obtained at the one or 
more geographic locations; 
a data collection system adapted to store information 
relative to the associated soil characteristics and the one 
or more geographic locations; and 



a control system operably coupled to control operation of 
the soil testing device and the data collection system. 

2. The soil analysis system of claim 1 wherein the soil 
analysis system includes a soil testing assembly for deter- 
mining soil mineral composition. 

3. The soil analysis system of claim 1 wjjerein-the.soil 
analysis system includes a testing assembly for^dejemii^g_ 
soit-rftoisture content: ~~ " ' 
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4. The soil analysis system of claim 3 wherein the soil 
analysis system includes a testing assembly for determining 
organic matter content. 

5. The soil analysis system of claim 1 wherein the soil 
testing device includes at least one window for radiating the s 
soil and detecting reflection of said radiation from the soil 
for imaging the soil. 

6. The soil analysis system of claim 1 wherein the soil 
testing device includes at least one opening for extracting a 
soil sample for analysis. io 

7. The soil analysis system of claim 6 wherein the soil 
testing device includes at least one opening for introducing 
a testing solution into a soil sample. 

8. The soil analysis system of claim 1 and further com- 
prising: 15 

means for moveably supporting the soil testing device 

relative to a base between an operational position and 

a non-operational position; and 
means for selectively moving the soil testing device 

between the non-operational position and the opera- 20 

tional position for testing the soil. 

9. The soil analysis system of claim 1 wherein the soil 
analysis system includes a separation testing assembly for 
separating and detecting constituent components of a soil 
sample. 25 

10. The soil analysis system of claim 1 further compris- 
ing: 

a positioning system operably associated with the control 
system and the data collection system, the soil analysis 
system adapted to determine at least one geographic 
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position within a geographic area containing a certain 
soil characteristic. 

11. The soil analysis system of claim 1 further compris- 
ing: 

a dispensing system including a controller coupled to the 
soil analysis system to control the dispensing rate of a 
product based upon a determination made by the soil 
analysis system. 

12. A process for analyzing soil comprising: 
positioning a vehicle at a first location in a soil region, the 

vehicle adapted to support at least a first and a second 
testing assembly for acquiring respective soil charac- 
teristic information using functionally different opera- 
tions; 

using the first testing assembly to acquire the first soil- 
characteristic information associated with the first loca- 
tion according to a first operation; 

using the second testing assembly to acquire the second 
soil characteristic information associated with the first 
location according to a second operation; 

combining the first soil-characteristic information and the 
second soil-characteristic information to provide com- 
posite soil-characteristic information; 

determining a dispensing rate for a product based upon 
the composite soil-characteristic data associated with 
the first location; and 

dispensing the product at the dispensing rate about the 
first location. 

***** 
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